
Ｉｎａｎｕｍｂｅｒｏｉ､instances，theHuorescenceofchlorophylladsorbedwilhotheramphiphilestoswollen

polyethyleneparticlesisreducedinilltensltyollcoolingbelowambienttemperatul．e，ｂｕｔｉｓｒｅｓｔｏｌ･edby

mrlhercoolingtoliquidnitl･ogentempcrature，TheHuorescencevariationisascrjbedlochangesinthe

stateofassociationofchlol-ophyllwithtempel･ature，ａｌｌｄｔｏｃｈａｎｇｅｓｉｎｔｈｅｅ価cienciesofellergyllrappmg

andofHuorescenceofaggregatedchlorophylllbl･ｍｓ・Thechangcsobservedoncoolingaremgeneral

reversedonrewarmlng・TheHuorescencepropeI･tieｓｏ｢chlorophylladsorbedwithN-(3-pyridyl)myristamide

toparticlesswollenwithundecane，tetl･adecane，ａｎｄｓｑｕａｌｅｎｅａｒｅｃｏｍｐａｒｅｄ･Inthecaseofsqualene，

wherelittlechangcinlhestateofchlorophyllassociationisexpected，１henuorescencespectrumchanges

glraduallyIromthehigh-temperaturｅｔｏｔｈｅｌｏｗ－ｔｅmperaturefolmastrappillgbccomｅｓｍｏｒｅｅ伍cientand

mternalconversionless、Withtetradecane-swollenparticles，nuorescenceisabruptlyreducedbelowthe

meltingpoint（6.C）ofthediluent，probablybecauseofthelbrmationofweaklyinteractmgpalrsof

chlorophyllwhichquenchsingletexcitedstates，Withundccane-swollenarticles，thereductionm

Huorescenceoncoolingismoregradualandisprobablydｕｅｔｏｌｌ･appingbyanmcreasmgconcentratlon

ofassociatedchlorophyllformswhichHuorescelｅｓｓｅ価cientlythanmonomeI･icchlol･ophyll・Therelssome

dependenceonthecomositionoflhepasteinwhichtheparticlesaresuspendedforspectralmeasurement：

PasteswhichcontainCarbowax，aweakligaI1dforchlorophyll，favorlhefluorescenceoflesshighly

associatedspeciesthanpastescomposedentirelyofcarbohydrales．
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Introduction

Inourprevlousarticleonthesubjectofassociationofchlorophyllawiththeisomerlc

N-pyridylmyristamides（ＮＰＭＡ，s）adsorbedtoswollenpolyethylene（PE）particles（Partllof

thisseries1)),absorpt1onandHuorescencespectraatroomtemperatureweredescribedindetail

andanalyzedintominimalnumbersofcomponents，Bothabsorptlonandfluorescencespectra

containedbandsassignedtoassociatedchlorophyllspecles，positionsandrelativeintensitiesof

whichwerecharacteristiｃｏｆｔｈｅＮＰＭＡｉｓｏｍｅｒａｄｓｏｒｂｅｄｗｉｔｈｉｔ,andbetweenwhichreasonable

Correlationscouldbemade．

＊ＴｏｗｈｏｍｃｏｒＩ･espondenceshouldbeaddressed．

９



Ｉ、(Ⅱ)onlyroomtemperatureabsorPtlonandHuorescencewereanalyzed・Althoughthe

positionsofthemainHuorescencebandsat77Kwerementioned,detailedanalysiswasdelfbrred

forthefbllowingreason：itwaslatterlyfoundthatonparticlesswollenwithtetradecane，
Huorescencewassubstantiallyreducedattemperaturessomewhatbelowitsfreezingpoint(6°Ｃ)，
butstrengthenedagalnon「urthercooling・ＡｎｅｘａｍｐｌｅｏｆｔｈｉｓｉｓｓｈｏｗｎｉｎＦｉｇｌ，fbr

chlorophylladsorbedwithN-(2-pyridyl)myristamide(2-ＮPMA)．Thehigh-temperatureHuores-

cencespectrum（296Ｋ）ｉｓｑｕｉｔｅｓｉｍｉｌａｒｔｏｔｈａｔｆｂｒ２－ＮＰＭＡｓｈｏｗｎｉｎＦｉｇ３ｂｏｆ(II)．On

coolingto246K，notonlyisthefluorescenceascribedtomonomericchlorophyll（674.5,ｍ，
sｅｅＦｉｇ３ｂｏｆ（II)）suppressed，buttheotherHuorescencebandcomponentsaregreatly
reduced・OnfUrthercooling，allcomponentsexceptthemonomericoneincrease，thegreatest

mcreasebeingiｎｔｈｅ６９３ｎｍｃｏｍｐｏｎｅｎｔ・Thechangesseenoncoolingarelargelyreversed

onwarming，thereforedonotcorrespondtoirreversiblealterationofthemodeofassociation

ofchlorophyll．
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Fig.１．Ｆluorescencespectraofchlorophyll（1.03ﾒLmolg~'）adsorbedwithjV-(2-pyridyl)‐

myrlstamide（7s似ｍｏｌｇ－１）ｔｏＰＥ/tetradecaneparticlesarldsuspendedina

Carbowax-glycerolpaste，atfivetemperaturesexcerptedhomalongerseries・The

suppressionofmonomerfluorescencebelowthemeltingpoint（279Ｋ）of

tetradecane，andtherecoveryinbandsotherthanthemonomeratlower

temperaturesareillustrated・Thesespectraarcnotcorrectedibrvariationof

instrumentalsensitivitywithwavelength．

lfmonomericchlorophyllligatedwithanamphiphileisinequilibriumwithassociatedbut

stillfluorescentspeciesonthesurfaceoftheparticle,theibllowingeventsmaybe･anticipated
asthetemperatureislowered．（１）Asthetemperatureisreducedfromambienttotheflreezing

pointofthediluenｔ(e､9.,tetradecane)intheparticles,thefractionofchlorophylliliassociated
speciesshouldincrease．(2)Asthediluentfreezes,sequestrationofchlorophyllandamphiPhile
intoPoolsofeutecticshouldgreatlyincreasethefractionofchlorophyllinsomeassociated



ExperimeIItal

Materialsandexperlmentalprocedureswereessentiallｙｔｈｅｓａｍｅａｓｄｅｓｃｒｉｂｅｄｉｎ（11),'）
withthefollowingamplifications・ＴｈｅｓｗｏⅡenpolyethyleneparticleswel･epreparedby

dissolvingpolyethyleneinhotundecane，tetradecaneorsqualene，andcooling，asdescribedin

previouspublications,'－３）Particlespreparedinthiswaycontainabout７５％diluent，

Chlorophyll，ｉｎａｍｏｕｎｔintendedtoyieldlessthanl/(ｍｏｌｇ一’ofparticles，ａｎｄ３－ＮＰＭＡ，
５，Ｍ*＊ｉｎ９０％methanol，wereadsorbedhomaqueousmethanol2）ｔｏｇｉｖｅＰＥ/undecane

particleswith［Chl]p＝052ａｎｄ［3-ＮPMA],＝８．０３/！ｍｏｌｇ~'，ＰＥ/tetradecaneparticleswith
[Chl]p＝0.65/ｌｍｏｌｇ~’ａｎｄ［3-ＮPMA],＝3.09/ｌｍｏｌｇ~１，ａｎｄＰＥ/squaleneparticles3）ｗｉｔｈ
[Chl]p＝0.77/↓ｍｏｌｇ~’ａｎｄ［3-ＮPMA]p＝4.97/(ｍｏｌｇ－１，wherethesubscript“p”denotes
molalcollcentrationonparticles・The3-NPMAcontentevidentlydependsontheidentityof

thediluent；however，ｓｉｎｃｅ３－ＮＰＭＡｉｓａｌｗａｙｓｌｎｅｘｃｅｓｓ，thestateofchlorophyllassociatioｎ

ｌｓｎｏｔｅｘpectedtodependonitsexactconcentratlon・

Fluorescencespectrawererecordedintheapparatuspl･eviouslydescribed,'）butwitha
HamamatsuR928photomultiplierasdetector，１naProductsfbrResearch，Inc.，cooled

housing・ＴｈｅｓａｍｐｌｅｗａｓｈｅｌｄｉｎａｎＡｉｒＰｒｏｄｕｃｔsCompanyCryo-Tipshroudwhichcould

becooledbytheJoule-ThomsonefI1ecttoaboutthetemperatureofliquidnitrogenThe
temperaturewascontrolledbythenitrogenflowrate，andHuorescencespectrawererecorded

atstagesdL1ringthecoolingandrewarmingcycle，Therecordedspectrawerecorrectedfor

instrumentalsensitivitytowavelengthandresolvedintocomponentsasdescribdin(11)．Total

Huorescenceintensltywascalculaｔｅｄａｓｔｈｅｓｕｍｏｆｔｈｅｐｒｏｄｕｃｔｓｏｆｃｏｍｐonentbandheights

andbandwidths（B)．Sinceitwasnotpossibletodetermlnequantumyieldsaccurately,itis

notpossibletocompareHuorescencemtensitiesofdilYerentsamplesmeanillgMly・However，

allsamplesexaminedHuorescedstronglyatroomtemperaturewithyieldsevidentlycomparable

tothoseofchlorophyllinsolution、

Absorptlonspectraandtheirsecondderivativeswererecordedasdescribedin（II)．１ｔ

TemperaLureEHbctonAssociationofChlorophyllwithAmides l］

form．（３）Oncontinuedcoolingofthesolidsolution，theprobabilityofHuorescencefrom

associatedspeciesshouldincreaseasenergytrappingbecomesmoreefficientandtheprocesses

leadingtoquenchingbyinternalconversioｎａｒｅｈｏｚｅｎｏｕｔ，

Ｔｈｅａｉｍｏｆｔｈｅｐｒｅｓｅｎｔｗｏｒｋｗａｓｔｏｔｅｓttheseexpectationsusmgparticlesswollenwith

di舵rentdiluents：tetradecane,Lmdecane,andsqualene,withsimilaramountsofchlorophylland

amphiphileadsorbedtothem、TheamphiphilechosenwasN-(3-pyridyl)myristamide(3-ＮPMA)，

ｗｈｉｃｈｗａｓｓｈｏｗｎｔｏｂｅａｓｔｒｏｎｇｌｉｇａｔｉngligatingagentfbrchlorophyll.'）Ｉｔｗａｓ

ｈｏｐｅｄｔｈａｔｍｏｒｅｍｉｇｈｔｂｅｌｅａｍｅdaboutthemannerofassociationofchlorophyllandsurfactant

h-omthetemperaturedependenceofHuorescence・

Theparticlediluentswerechosenfortheirphasetransitionproperties、Ｔｈｅrelativelyhigh

meltingpoint（6.C）oftetradecanecontractswiththerelativelylowone（-25°Ｃ）of

undecane・Squaleneisavlscoustriterpenewhichprobablycoolstoaglassbutdoesnotfreeze

underouroperatingconditions・Oursampleofsqualenesolidiiiedafterlongstorageina

hfeezer，andathermometerlmmersedinmelti､gsqualeneregisteredabout-15oC．

*＊１Ｍ＝１ｍｏｌｄｍー３ａｎｄｌｍＭ＝１×１０ー３ｍｏｌｄｍ一３inlhispaper．
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１９

ＴｅmperatureEH1ectonAssociationol､Chlol･ophyllwithAmides １３

mmannitol:glycerolhadonebandat668nm(probablycorrespondingtoa662nmcomponent

intheabsorptlonspectmm）ａｎｄａｓｔｒｏｎｇｂａｎｄａｔ７２５ｎｍ．

ResIIlts

ltwaspossibletoresolveallfluorescencespectralntorathersimilarsetsofcomponents，

ｍｏｓｔｏｆｗｈｉｃｈｓｈｉｆｔｔｏｗａｒｄｔｈｅｒｅｄａｓthetempel･atul-edecreases・AllsetsofspectramBature

threedistincebands，ofmonomerHuorescenceiｎｔｈｅ６７１－６７６ｎｍｒｅｇｉｏｎ，andofassociated

chlorophyllspeciｅｓｉｎｔｈe685-692and727-730nmreglons，wheretheexactlocationofthe

bandvarieswithparticlediluent，suspendillgmedium，andtemperatul．e・Thereｌｓｓｏｍｅ

ｕｎｃｅｒｔａｍｔｙａｓｔｏｔｈｅｐｒｏｐｅｒｒesolutioninthe695-720nmreglon，whereatleastoneand

sometimesthreecomponentsappearrequired・Quitepossiblythereareanumberofbandsin

thisregion,andwhatwehaveobtainedisjustthesimplestresolutionthatcanrepreselltthe

spectrL1minthisregionwithreasonableaccuracy・Ｉｔｉｓａｌｓｏａｒｅｇｉｏｎｉｎｗｈｉｃｈｍｏｎｏｍｅｒｌc

chlorophyllhasaweakvibrationalsatelliteband.'）Ｔｈｅｒｅｄｂａｎｄａｒｏｕｎｄ７６０ｎｍｉｎｍｏｓｔｏｆ

Table１．DistributionofFluorescellcelntensltyamongCompo‐

nents,ＩｂｒＣｈｌａｗｉｔｈ３－ＮＰＭＡｏｎＰＥ/SqualeneParticles

SuspendcdinCGＷａｎｄＦＧＣ

入/nｍ：

B/nｍ：

675.5

２２

ＣＧＷ

ﾉl/nｍ:"’

B/nｍ：

676６９１７０５７３０７５４

２ ０ １ ６ １９３５２０

PercentoftotalHuorescencemlenslty

３２．１１３．８１０．６４０．６２．９

３０．４１１．３１０．９41.4b）６．０

２８．１１４．６９‘９４２．５４．９

２９．６１０．１１ １ ． ３ ４ ３ ． ６ ５ ． ４

２６．９１３．５１ ０ ． ４ ４ ３ ． ８ ５ ． ４

２５．３１４．０１ ０ ． ３ ４ ３ ． ８ ６ ． ６

１０．７２５．０ ８ ． ０ ５ ２ ． ８ ３ ． ６

６７６６９２７１０７３６７６０

１ ７ ２ ０ １９３７１８

Ｋ
５
７
４
９
３
１
３

ノ
９
８
７
４
３
２
２

Ｔ
２
．
フ
ー
２
２
２
２
１

ｽ/nｍ：

B/nｍ：

ＦＧＣ

４５．４

４７．５

57.1

735

４４

730

３５

754

２３

692

１６

２９．０

２２．２

15.5

678.7

２０

８．７

１２．９

13.4

693.5

１６

T/Ｋ

283

235

８７

６．９

７．０

６．５

７６６

３５

入/nｍ：

B/nｍ：

,1０．０

１０．５

７．５

７０６

１９

a）Theposilion（入）andbandwidth（B）ｏｆｅａｃｈｃｏｍｐｏｎｅｎｔａｒｅ

ｌｉｓｔｅｄａｔｔｈｅｈighestandlowesttemperaturereported・Posi-

tlonsandbandwidthsatintermediatetemperaturesareglven

fairlywellbyinterpolation

b）Includesammorcomponelltat747､5,ｍ,Ｂ＝１４，，，２３％．
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１８

８．６

7.1

７．６

９．５

７０３

１３

TemperatureEIIbctollAssociatioｎｏ「Chlol･ophyllwithAmides 1５

componentsmcreasesteadily，ａｓｓｈｏｗｎｉｎＦｉｇ２ｆｂｒｔｈｅＦＧＣｓｕｓｐｅｎｓｌon・Theanalysisof

thedistributionintocomponents（Tableｌ）showslittlechangefrom295to221K，beyonda

gradualdecreaseinthemonomercomponent（676,ｍ)．Allcomponentsaresomewhat

red-shinedwithrespecttothoseinPE/tetradecaneandPE/undecalleparticles，whichis

pl-obablyamediumeffbctｏｆｔｈｅｍｏｌ･epolarizablesqualene．

ＡlthoughthereislittleChangeinthefluorescenceofchlorophyllonPE/tetradecaneparticles

abovethemeltingpoint(279Ｋ),thereismarkedquenchingbelowthispoint,notonlyofthe

monomercomponent（67111ｍ）ｂｕｔｏｆｔｈｅｏｔｈｅｒｃｏｍｐｏｎｅｎｔｂａｎｄｓａｓｗｅｌＬＴｈｉｓｉｓｔｒｕｅｉｎ

ｂｏｔｈＣＧＷａｎｄＦＧＣ；howeveronfurthercooling，ｉｔｉｓｔｈｅ６８８ｎｍｃｏｍｐｏｎｅｎｔｔｈａｔｇａｍｓ

ｍｏｓｔｉｎｉｎｔｅｎｓｉｔｙｉｎＣＧＷ，ｗｈｅｒｅａｓｉｎＦＧＣ，ｉｔｉｓｃｏｍｐｏｎｅｎｔｓｉｎｔｈｅ６９５－７０５ｎｍreglon･Ｔｈｅ

ｓｐｅｃｔｒａｌｃｈａｎｇｅｓｉｎＣＧＷａｎｄＦＧＣｓuspenslonsareshowninFigs､３ａｎｄ４；analysesmto

Table２．DistributionofFluol･escencelntensilyamongComponenls,lｂｒＣｈｌａｗｉｔｈ

３－ＮＰＭＡｏｎＰＥ/Tetl･adecaneParticlesSuspendedinCGW

７
５
Ｊ
５

９
２
０
０
０
４
３
８

６
２
７
２

７
７

５
２
９
０
９

５
６
１
１
１
０
６
０

２
１
２
１

７
７

ｽ/nｍ：

B/nｍ：

６７１．８

１９

Percent

２８．０

２９．１

685.7６９８

１５．８１９

oftotalHuorescence

１２．４１０．８

１２．１１０．９

７０９

１４

intensity

O,９

１‘２

727

３８

7５１

３１

T/Ｋ

287

278

41.5

43.3

6.4

3.5

入/nｍ：

B/nｍ：

８．９

３．５

１０．６

８．８

１６．６

21.7

779

４６

A/nｍ:"）

Ｂ/nｍ：

6７１

２０

23.1

13.3

９．１

０

６７４

１９

687.8

１８

１８．０

２５．５

２８．４

36.0

688.9

１９．５

a）Thesetofcomponentsemployedabovethemeltmgpointoftetradecanecould

notbeadaptedtonuorescencebelowthemeltingpolnt，Ｔｈｅ725.5nm

component，whichdecreaseswltntemperature，mayincludeavibrational

satelliteofthemonomercomponent（671,ｍ)．
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１９

１．８

７．３

７．７

９．７

７１３．５

１６

４９．０

５３．６

５２．５

５３．３

５０．６

47.9

735

４６

733

４５

４６．５

４４．８

４５．８

39.9

739.5

４２

272

267

231.5

８９

728

４１

684.8

１５．５

oftotal

８．４

９．２

１０．６

１１．７

１０．２

７．４

６８６

１５

ｍ
ｍ

姉
恥
取
麺
加
刻
麺
加
卯
加
恥

戸
、

Table３．DistributionofFluorescencelntensityamongComponents、

ｆｂｒＣｈｌａｗｉｔｈ３－ＮＰＭＡｏｎＰＥ/TetradecaneParticlesSuspen‐
ｄｅｄｉｎＦＧＣ

670.3

１９

Percent

２４．７

２５．１

１４．１

１１．９

８．５

９．０

６７５

１７

695.7７０５７１５．５

１５１４１５．５

Huorescenceintensity

５．７３．３

５４３．２

７．３４ １ ０ ． ９

８．０４．５１．８

７．５４．８２．３

８．３５．６３．２

696.5７０６715.5

１５１５１５．５

764

４４
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T/Ｋ
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20

1.5

Ｉ；
９.’

0.2
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一一画

'１４

［園

隠~割０６

0.4

115６ ０

lｏｗｅｒ
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ｋK/ｒ

Fig.５．Plotsoftotalintegratednuorescenceintellsity(I『,onlogarithmicscale),、orinalized
tolatlhehighesttempel･atul･erecorded，agaillstreclpl･ocaltempel・atLlreIbr

chlorophyllwith3-NPMAonPE/squalene（C3o)，ＰＥ/ulldecane（Ｃｌ,)、ａｎｄ

ＰＥ/tetradecane（Ｃ１４)，ｓｕｓｐｅｎｄｅｄｉｎＦＧＣ（opensymbols）ａｎｄＣＧＷ（solid

symbols)．Themellingpomtsoftetl･adecane（279Ｋ）andLmdecane（248Ｋ）are

indicated、Theslopesofthedashedlinesconneｃｔｉｎｇｔｈｅｌａｓｔｔｗｏｐｏｉｎｔｓｏｆｅａｃｈ
ｓｅｔａｒｅｄｒａｗｎｔｏｓｃａｌｅ．

componentsarepresentedinTableｓ２ａｎｄ３・Below275Kanewbandcomponentappears，
ａｔ７１３ｎｍｉｎＣＧＷａｎｄ７１５､511ｍｉｎＦＧＣ,whichstrengthensrapidlyonfurthercooling；perhaps

itrepresentsachlorophyllspeciesfbrmedonfireezingwhichisalmostnonfhlorescentathigh

temperatura

OnPE/undecane,.totalchlorophyllfluorescenceintennsitydiminishessteadilyasthe

temperatureisloweredtoabout2３５Ｋ，１３Ｋｂｅlowthemeltingpointofundecane,ｔｈｅｎincreases
onfurthercoolingThisbehavioriscomparedwiththatforPE/squaleneandPE/tetradecane

particlesinFig,５．ThereisnocertainindicationofanabruptdropintotalHuorescence

mtensitybelowthemeltingｐｏｍｔ,astherewaswithtetradecane、Theanalysisintocomponents
showsｔｈａｔｄｏｗｎｔｏａｂｏｕｔ２３５Ｋ,fluorescencemtensityistransferredfi･omthe673nmmonomer

componenttothe688nmassociatedspecies,ｉｎｂｏｔｈＣＧＷ(Table４)ａｎｄＦＧＣ(Table５)．On
filrthercooling，thefractionoffluorescellcewhichismonomerlccontmuestodecrease，but
otherwisetheapportionmentchangeslittle・Thecontributionassignedto705nmfluorescence

becomesgreaterinFGCsuspensionthaninCGW,aswasthecasefbrPE/tetradecaneparticles・
ＴｈｅｈａｃｔｉｏｎｏｆＨuorescencebelongingtomonomericchlorophyllisplottedagainstl/Ｔ

ｉｎFig.６fbrthesixsamplesexamined，Ｔｈｅdecreaseinthisfmctionresemblesthedecrease
mtotalHuorescence(Ｆｉｇ５）ｏｆＰＥ/undecaneandPE/tetradecaneatthehighertemperatures，

butunlikethetotalHuorescencethｅｍｏｎｏｍｅｒｃｏｍponenthactiondoesnotintensifyatlowelr

temperatures．



Table５．DistributionofFlLlorescencelntensltyamongCom-

ponents,【ｂｒＣｈｌａｗｉｔｈ３－ＮＰＭＡｏｎＰＥ/Undecane

ParticlesSuspendedinFGC

TemperaturcE舵ctonAssociationofChlorophyllwitｈＡｍｉｄｅｓ 1７

Table４．Distl･ibutionofFluorescenceIntensltyamong

Components，ｆｂｒＣｈｌａｗｉｌｈ３－ＮＰＭＡｏｎ

ＰＥ/UndecaneParticlesSuspendedinCGW

672.4

２２

６８８

１９

Pel･cent

1５．７

１７．４

１７．６

２２．５

２１．５

２３．７

２１．２

２０．４

６８９

２０

673６８８７０２７１８７３０

２２１８１６１２４７

PercentoftotalHuorcscencemtenslty
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AstotheactualintensitiesofHuorescencecomponents,theseareplottedagaillstl/Ｔｉｎ

Fig.７fbrthetypicalcaseofchlorophyllａｎｄ３－ＮＰＭＡｏｎＰＥ/undecaneinFGCAftersome

Uncertaintyatthehighertemperatures，theintensitiesofallcomponentsexceptthemonomeric

(672-674nｍ)increasewithl/Twithsimilar,thoughnotidentical,slopes・Inthisexamplethe

fractionalincrｅａｓｅｉｎｔｈｅ７０２－７０５ｎｍｃｏｍｐｏｎｅｎｔｉslargest；inCGWsuspenslonsitisthe

componentnear690nmthatincreasesmost，Incontrast,withoneexception(PE/tetradecane

inFGC）themonomercomponentdecreasesonloweringtemperature,inabsolutetermsas
wellasrelativｅａｓｓｈｏｗｎｉｎＦｉｇ､６．Iftheincreasescouldbeascribedtoasingleprocessof

thermallyactivatedinternalconversion，theywouldcorrespondtonomorethaｎｌ－２ｋＪｉｎ

a）Inthisspectrum,therewasasubstantialcontribu‐

ｔｉｏｎｈｏｍａｃｏｍｐｏｎｅｎｔｎｅａｒ７７０ｎｍ，whichwas

notincludedinlhecalcula(ion．
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Fig.７．ArrheniusplotsofHuorescencecomponentintensitiesl､ｏｒｃｈｌｏｒｏｐｈｙｌｌａｎｄ３－ＮＰＭＡ

ｏｎＰＥ/undecane,suspendedinFGCThemonomeric(672-4nｍ)component,and

theassociatedspec1escomponerlts（688-9,702-5,and729-35nm）aredesignated

bytheirpositionsathighandlowtemperatures（seeTable5)．ＰｏｉｎｔｓＩｂｒｔｈｅ

７２９－３５componentareplottedatone-tenththeiractLlalvalue，comparedtothe

others、Slopesol、linesconnectingpointsatthetwolowesttemPeraturesare
drawntoscale．

1０３ ４



TemperatureEH1ectonAssociationofChlol･ophyllwithAmides 1９

ｍｏｓｔcases，similartothatestimatedfbrchlorophylladsorbedwithN-methylmyristamideon

PE/tetradecane,whichshowsaremarkablcincreaseinHuorescencemtensityoncooling,4）

／V，ノV-D加花r〃y〃7り》ﾉ･皿αﾉ7”ｅ（ＤＭ/W』)．Thephenomenonofquenchingandrecoveryof

HuorescenceoncoolingisnotconfinedtopreparationswithNＰＭＡ，s・Ｗｅａlsoexaminedthe

temperaturevariationofHuorescenceofchlorophyll（[Chl]"＝1.08/ｌｍｏｌｇ~'）adsorbedwith

theaboveamphiphile（[DＭＭＡ],＝29/lmolg~'）ｏｎＰＥ/tetradecaneparticlessuspendedin
Carbowax-glycerol・AbsorptionandHuorescencespectl･ａｏｆｃｈｌｏｒｏｐｈｙｌｌａｎｄＤＭＭＡｏｎ

ＰＥ/undecaneweredescribedatsomelengthinPartlofthisserieSz）Theprcsentanalysis

procedureyieldedsevencomponents：671,5,678,694,704,717,726,and748nmatroom

temperature，ｔｈｅＩｉｒｓｔｆｏｕｒｏｆｗｈｉｃｈａｎｄｔｈｅ７２６ｎｍbandhadbeenidentiiiedundervarious

conditionsin(1)．Oncoolingbelowthemeltingpointoftetl･adecane,､thetotalHuorescence

fallsbyabouｔ４０％，distributedamongallbands，bL1tmoststronglyafYectingthemonomer

component（673,ｍ)．Onfnrthercoolingallcomponentsexceptthemonomermcrease；and

at77Kthecomponents，rankedinorderofmagnitude，appearat686,736,698,707,676’７１８．５，

ａｎｄ７６６ｎｍ，Theresultsaretherefbresimilartｏｔｈｏｓｅｗｉｔｈ３－ＮＰＭＡ．

Discussion

AnalysisoftheHuorescencespeclraofthesesamplesled，ａｓｉｎ（II)，ｔｏｔｈｅｉｄｅntincation

ofcomponentbandsnear６７３，６８８，ａｎｄ７３０ｎｍａｔｒｏｏｍｔｅｍｐｅｒａｔｕｒｅｉｎｅｖｅrycase，ａｎｄｗｉｔｈ

ｎｅａｒｕｎａｎｉｍｉｔｙｔｏａｔｌｅａｓｔｏnemol･ｅｃｏｍｐｏｎｅｎｔｎｅａｒ７０５ｎｍ、Ｔｈｅ６７３ｎｍｂａｎｄｉｓａｓｓｉｇｎｅｄ

ｔｏｍｏｎｏｍｅricchlorophyll,the688nmballdtoanassociated（probablydimeric)specles,and

the705nmbandtoanother,probablymorehighlyaggregatedspecies・Ｉ、（11）ａｓｉｎ（１）the

broadHuorescencebandnear730nmwasascribedtoexclmeremission，perhapsfromapalr

ofmoleculesabsｏｒｂｉｎｇｎｅａｒ６５３ａｎｄ６７４ｎｍ，oraltemativelyloapostulatedbroadbL1tvery

weakabsorptiollbandpｒｅｓｕｍｅｄｔｏｌｉｅａｒｏｕｎｄ７００ｎｍ，butnotobserved，Thediscusslonof

energytI･anslertofbllowwillsupportthefbrmerasslgnment・

TheresultsoftheHuorescenceanalysislargelyfillfilltheexpectatlonssetoutatthe

beginningOurinterpretationofthemisasfbllows．

ＰＥ/S9zIaﾉｅ"e・Lateraldiffnsionisslowintheviscousdiluentandthereislittleopportunlty

lbrchlorophylltofbrmnewassociationsasthetemperatureislowered・Thedecreasein

monomer（676,ｍ）、uorescenceprobablyreHectsmoree価cienttrappingbythe692nm

species，TheincreaseinallcomponentsexceptmonomeratlowtemperaturemustreHect

suppresslonofthermallyactivatedintemalconverslon．

ＰＥ/亜"α火cα"２．Asthediluentheezes,chlorophylland3-NPMAwouldbecrowdedinto

smallpuddlesofeutectic，Underthesefbrcedconditions，associationsmayfbrmthatarenot

ofthesortthatprevailsabovethemeltingpomt‘ThesuddendecreaseofallHuorescence

components，notjustthemonomeric,ｉndicatestheformationofweaklyinteractmgpairsof

chlorophyllsimilartothosepostulatedinconcentratedsolutions,､5）lecithiniilms,6）polymer

adsorbates,7）andliposomes､8）Theabsorptionspectrumoftheweaklyinteractingchlorophylls

diHbrslittlehromthatofisolatedpigment,7）ｂuttheexcitedsingletstateisquicklyquenched

throughnonradiativeexclmerlbrmatlonorreversibleelectrontransfer､８一'0）Apparently，the

quenchingprocessinthe“interactingpairs”isitselfquenchedatlowertemperatures，because
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therecoveryoffluorescenceissteeperthanwithPE/squaleneandPE/undecaneparticles
(Fi9.,5)．

ＰＥ/U72血cα"e・Oncoolingparticleswiththismostfluiddiluent，morechlorophyll
assoclatesintospeciesHuoresclngat688and702nm，ｓｏｔｈａｔｔｈｅｌ･ｅｉｓｌｅｓｓｔｏｆｏｒｍ‘‘imeracting
pairs，，whentheheezingpointiSreached・Also,thetrendsforPE/tetradecaneinFig､５suggest
thatquenchingisbecominglessefYbctiveanywayatthistemperature．

ＣＧ〃・TheinHuenceofthissuspendingmediumisapparentinPE/tetradecaneand

PE/undecanepreparations,wherethe688nmcomponentlsstrengthenedatlowtemperatures
attheexpenseofthePresumablymorehighlyassociatedspeciesHuorescinginthe695-720nm

reglonThereisnoobvioL1se晩cｔｏｎｔｈｅ７３０nmcomponent・TheuseofCGWapparently
aHectsthenumbers，butnotthenatures，ofassociatedchlorophyllspecles．

ｃo"”αﾉ･I‘so〃ｗ"/ｚＯｒｈｅﾉ･〃o庇／Ｓ１ﾉ唾ﾉﾌ゙7s・

Manyaccountshavebeenpublishedonchlorophyllfluorescenceatroomtemperatureand

atliquidnitl･ogentemperature，butdatafbrthetemperatLlrerangebetweenarevanishingly
few-Theonlysystemexaminedwithsimilal・intenltooursisthatofchlorophyllin
vesicles、Chlorophyllindipalmitoylphosphatidylcholinevesiclesexhibitsanabruptdropin
auorescencewhenthetemperatureisloweredthroughaphasetransitionat41oC’'１，１２）The

Huorescencechangelssensitivetochlorophyllconcentrationinvesicles,'2''3）ａｓｉｓｔｈｅｓｔａｔｅｏｆ

ｏｒｇａｎizationofchlorophyl1.14）Althoughthechlorophyllabsorptionspectrumshowscom-

ponentsｉｎａｄｄｉｔｉｏｎｔｏｔｈａｔｏｆｔｈｅｍｏｎｏｍｅｒ’'2）theHuorescencespectrumapparentlydoes

not・''''２''5）Fluorescencelntensitybecomesstronglyquenchedathigherchlorophyllconccntra-
tion，probablybytheaggregatedspeciespresent・'2''3）

Litvinandassociateshavelookedforanddetectedmanycomponentbandsinthe

absorptionandfhlorescencespectraofchlorophyllinconcentratedsolutionsガａｎｄｉｎ６１ｍｓｃａｓｅ

ｆｒｏｍｔｈｅｍ,'6）Ｍｏｓｔｗｏｒｋｓｅｅｍｓｔｏｈａｖｅｂｅｅｎｄｏｎｅｏｎｌｙａｔ２０ｏＣａｎｄ－１９６ｏＣ；however，

LitvinandGulyaevreportedthattheshort-wavecomponents(682,696,ｍ)ofthefhlol･escence

ofchlorophyllinmonolayersintensifiedgraduallyastemperaturedecreased,whilethelong-wave

components（724,738,75211ｍ)intensifiedrapidlybelowabout-140°Ｃ'7）

Oursystemdif6ersfromthevesiclesysteminanumberofrespects，２．９．，ｉｔｉｓｔｈｅｄｉｌｕｅｎｔ，

notthesurfactant，thatfreezes、ＯｕｒｆｌｕｒｅｓｃｅｎｃｅｌｓｓｔｒｏｎｇａｎｄｃｏｍｐｌexatmuchhigherI-atlos

ofchlorophylltosurfactantthaninthevesiclesystｅｍ，thoughthisisnotnecessaI･ilyan

instructivecomparlson，smcevesiclesystemsgenerallylackdiluents，Fluorescencehasnotbeen

investigatedinvesiclesystemsbelowthefrｅｅｚｉｎｇｐｏｉｎｔｏｆｗａｔｅｒｓｏｔｈｅｒｅｉｓｎｏｉnformationas

torecoveryatlowertemperatures，Ourresultsshowmanyinterestlngparallelstotheresults

reportedbyLitvinandassoclates，ｔｈｏｕｇｈｉｔｉｓｄｉ筋culttoidentifyabasisfbradetailed

comparlson，

Theincreaseinfluorescenceintensityofchloroplastsandalgaeondecreasingtemperature

iswellknown,however・PhotosystemHuorescencebandsat680,685,695,ａｎｄｃａ．７３５nm

intensifygreatlyattemperaturｅｓｄｏｗｎｔｏａｎｄｂｅｌｏｗ７７Ｋ１８）

〃o止むｑ/､azGr9Jノ刀α".yセノ．、Oneoftheexpectationsofthepresentundertakingissome

insightintothewaychlorophyllisarrangedintheparticulatesystem，Therateandextent

ofenergytransfer,ｉｆknown,isavaluableprobeofthesystemstructure，Fromtheconstitution



(2)．ＡＣ/αr“助eci“〃0血/：Inthisconcept,thereisnoenergytransferatall，andthe

relativeHuorescenceintensitiesobservedareprodLIctsofthespeciespopulationsandtheir

l･espectlvequantumyields，atalltemperatures・Thisconceptwouldberealizedifchlorphyll

isdistributedthroughouｔｔｈｅｖolL1meoftheparticle,ratherthanjustonitssurface・Above

themeltingpointofthediluent，changesintheHuorescencespectrumwouldreHectmainly

changesinthestateofassociationofchlorophyll；belowthemeltingpomt，theywouldreHect

changesmqualltumyields・Thismodelaccountsfol・muchthatisobserved，ｂｕｔｉｔｆａｉｌｓｔｏ

ａｃｃｏｕｎｔｆｏｒｔｈｅｆａｃｔｔhatinmostcasesmonomerfluorescencecontmuestodecrease,ｉｎabsolute

aswellasrelativeterms，asthetemperature仇11sbelowthemeltillgpoint・Ｉｔｉｓａｌｓｏｈａｒｄｔｏ

Tempe]ratureEHbctonAssociationofChlorophyl］ｗｉｔｈＡｍｉｄｅｓ 2１

ofthesystemenergytransferisexpectedtoberapidandextensive，butthathasnothitherto

beenclearlyestablishedTheresultsofthepl･eselltworkdiscoL1nttwoextrememodelsof

chlorophyllorganization3andsupportathird．

(1)．Ｂｏ/画77α"〃Ｄ亜ﾉ･ｉ６ｚｊ"0〃'Ｍｏ血/：Inthisconcept，eachpossibleexcitedstateofthe

ensembleisalwaysmequilibriumwithalltheothers，sothatthepopulationandtherefbre

thefluorescenceyieldofeachisdeterminedbyaBoltzmannpartitionhmction、Thisconcept

lsrealizedifenergytransfbrisextremelyfastcomparedtoexcitedstatedecay・Itpl-edicts

thatwhenthetemperatureislowellough，allenergywilldrainintothelowestexcitedstate

available,presumablythatgivingriseto730nmHuorescellce,regardlessoftherelativenumbers

of8uorescingspecies・However，ａｓｏｆｔｅｎａｓｎｏｔ，ｉｔisoneofthehigherenergyHuol-escmg

speciesthatincreasesthemostastemperatureislowered、ａｎｄｔｈｅｉｎｃｒｅａｓｅｏｆｔｈｅ７３０ｎｍ

ｃｏｍｐｏｎentlsneverdisproportlonatelylarge・ThercforetheenergytrapplngspeciesmL1stnot

beinaBoltzmalmequilibriumwitheachother，atleastatlowtemperature．

(3)．Ｓｅﾉ7?j-iso/〔"“ＤＣ"7α/〃ハグo火/：Theconceptwhichbestservestoaccountforall

observatlonsisthatofarelativelysmallnumberofenergysinksscatteredaboutthesurface，

whichtrapenergywithhighprobabilityfromalargernumberofmonomericchlorophyllsin

domainsaroundthem・Ｔｈｅｒｅｍａｙａｌｓｏｂedomainsofmonomericchlorophyllwithoutsinks，

whichcanemitonlythemonomerHuorescencecomponent、Backtransfbrispossiblefor

higher-energysinks，ｓｕｃｈａｓ６８８ｎｍ，athightemperature，butbecomesunlikelyfordeeper

sinks．Thedomainsmaycorespondtoactualheterogeneitiesinthepolyethylene-diluent-particle

surfacestructure，ormaybemerelystatistical，

Thisconcept，likethepreviousone，impliesthatatlowtemperaturetheHuorescence

sPectrumreHectstherelativellumberofsinksordomainspresentandtheirintrinsicquantum

yields，irrespectiveoftheirrelativeenergles・Abovethemeltingpointofthediluent，theshift

ofHuorescencetolongerwavelengthsreHectsincreasede筋ciencyoftrappmg，andanincreasmg

numberofHuorescentsinks、Freezingproduces“interactmgpairs”distributedrandomlyamong

thedomains，whichinterceptandquenchsingletｓｔａｔｅｅ､ergybefbreitscapturebythe

sinks・Belowthefreezingpoint，increasedHuorescenceofthetrapsimpliesagreaterradiative

reconcilewiththeobservedqLlenchingofallHuorescencebandsinPE/tetradecanesystemsJust

belowthemeltingpomt,andtheirrecoveryatlowertemperatures,becauseltmakesnoprovision

Ibrinterceptlonandquenchingofenergyｂｙ“interactmgpairs.，，Finally，itiscompletely

incompatiblewｉｔｈｄａｔａｏｎｃｈｌｏ１･ophyllb-chlorophyllasystems，whichwillbepresented

elsewhere、ThisconceptmustthereforeberGjectedalso．



AsimpliiiedattempttofolmL11atemathematicallytheconceptsofthesemi-isolateddomain

modelbeginswithdivisionofchlorophyllsintoｄｏｍａｉｎｓａｂｏｕｔｅａｃｈｏｆａｎｕｍｂｅｒｏｆｅｎｅrgy-

tl･appmgandHuorescentsillks・ＬｅｔＰｏ，Ｐ,，Ｐ2．andP3betheprobabilitiesthatabsorbed

energywillencounternosinks，ａｎｄｔｈｅ688,705,and730nmHuorescmgsinks、Ｉｆの０，Ｇ/(､.，

arethequantumyieldsoftherespectiveHuorescencesthenatabsolutezerotheobserved

compollentquantumyieldswoLlldbePoの０，ｅ化‘‘Ｏｕｒｔａｓｋｉｓｔｏ『ormulatetheproblcmsoas

tobringoutthetemperaturedependenceofcomponentquantumyie1.s．Itisassumedthat

therelativenumbｅｒｓｏｆｓｉｎｋｓｄｏｌｌｏｔｃｈａｎｇｅｗｉｔｈｔｅｍｐeratul．e，sothattheexpresslonsare

reallyonlyvalidbelowthemeltingorsofteningpointoftheparticles・

Thesingletstateenergiesofmonomericchlorophyllandofthesinksmaybecalculated

fromtheHuorescencｅｂａｎｄｐｏsitionandbandwidthbytheStepanovrelation.'9）Ｅｎｅｒｇｙ

ｅｎｔｅｒｍｇｔｈｅ７０５ａｎｄ７３０ｎｍｓｉｎksiseffbctivelytrapped，andisunlikelytoretuI･ntothe

monomerchlorophylLEnergyｍａｙｒｅｔｕｍｆｒｏｍｔｈｅ６８８ｎｍｓｉｎｋｔｏｔｈｅｍonomer（672,ｍ）

withaprobabilitydependentontemperature・Itsfateisformulatedthus･The68811msink
lsconsideredtobea688nm-nuorescmgtrapsurrouｎｄｅｄｂｙａｓｍａｌｌｎｕｍｂｅｒノTof

672nm-Huorescmgmonomers,suchthattheprobabilitiesP(672）ａｎｄＰ(688）thattheenergy

residesoneachareconnectedbyaBoltzmalmequilibrium（Ａ１)．

Ｐ(672）
＝〃exp［一(8.-E,)/kT]＝〃exp(－５１５/Ｔ)．（A1）

Ｐ(688）

2２ YoshihumiKusuMoTo，VeluSENTHILATHIPAN，andGilberlR・SEEぃ

quantumefIiciency、Ａｃｃｏｒｄｉｎｇｔｏｔｈｉｓｍｏｄｅｌｍｏｓｔｏｆｔｈｅｃhlorophyllislikelytoremain
monomerlcevenatlowtemperature、

Wehaveattemptedtofbrmulateamathematicaldescriptionofthismodel〉andthisis

sketchedintheAppendix、Aftersomeattemptstoderivenumel･icalinformationhomit，ｉｔ
ｗａｓrecognizedthattherearesimplytoomanyunknownquantitieswhichmustbeentered

intothefbrmulationtopermltextractlonofreliableestimatesfi-omthedataavailable、Ina

simplersystemthequatlonsmaybesoluble，ｂｕｔｎｏｔｉｎａｓｙｓｔｅｍｗｈｅｒｅｔｈｅｒｅｍａｙｂｅnve

Huorescentspecles、Theformulationdoesseemtoaccountforobservatlonsqualitativelyina

straightforwardway，andwebelieveitisessentiallyCorrect・

Themodeldoessupportanexclmerassignmenttothe730nmfluorescencecomponent，
forthefbllowingreason，ＴｈｅdistributionofHuorescenceatlowtemperatureimpliesthat

almosthａｌｆｏｆｔｈｅｓｉｎｋｓｐｒｅｓｅｎｔｉｎａｎｙｏｆｔｈｅpreparatlonsbelongtothisspecies・Ifthe

Huorescencewerebeingemittedbyaspeclespostulatedtohaveabroadabsorptionband

around700nm，thatspeclescouldnothaveescapeddiscoverybythespectralanalysisresults

reportedin（11)．Indeed，theassignmenttoa700nmabsorbingspeciesisconceivableonly
lmderthepremisesofmodel（１）above,2)whicharecontraindicatedbythepresentresults．
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probabilityP10ofdecayingonthemonomerspecles，andaprobabilityProfescapingth

altogether，toberedistributedwiththeprobabilitiesPo，Ｐ,，Ｐ２，ａｎｄＰ３・Consequent

prQbabilitiesthattliesingletstateenergywillultimatｅｌｙｄｅｃａｙｏｎｍｏｎｏｍｅｒａｎｄｉｎｔｈｅ

ａｒｅ(P｡＋Ｐ１Ｐｌｏ)/(１－Ｐ,Ｐ,.)，Ｐ,Ｐ,,/(１－ＰＩＰ,.),Ｐ２/(１－Ｐ,Ｐ,.)，ａｎｄＰ３/(１－Ｐ１ＰＩ)．



（雪十』望）這竺ＩＣＳ

諾ｐでの四ｍの．ａ×のｍ［の○口の○ｍの．［○幸揖の日○口○日］○頁の員［毎コ〕巨団ゴロのニト

＄宮日く昌君夢一｛易［一。○●［○［［［Ｕ』○巨○垣昌ＣＯ②のく冒○ぢ心室四の●三葛茜旦日のト

・のｍ回。〕ロのｍの肖口の二》

再昌昌の②。且ｇの⑪君首冒ワ巨夢○口望目言毎日○ｓ属国ロ８［の碧甘今”日の湯詩愚己日混甘今②。○即○百月

の日○画日［己の旨の。蔚日呂○再昌ワ⑪当浄．．［の目月日のお胃宮○ぢご言圏⑪目白ロ○国の昌〆⑫の名目一

肩の。ｑ団ぢ目画の○つ《ざ、己ロ国喜、口○垣里署：』○・め苗⑪二］○［昌呉の量員へ８５つロの８℃２日固のロ日の↑曽逼

黒旨ぢ９日③日当偶・つ画高日日口飼コワ５』目○閉の昼×の①君の菌当旦日８５君揖皇５ンの宮口○屡号冨崖

酋消＆の四○名○〕旨［一［属の呂○爵のａｘの｛目○君つ冨巴ヨワ２．コ○へ夢宗田君ロ即日ぢ曾巴員》》話ｐ四日号口の弓

の彊ので具。昌○僧．ｍので冒両Ｑの冒君三宮へ四四コ８溜昌ごロ○⑪旨［昌○己烏［弓の縄の菌め星昌昌昌の二倍

．、ｅＨ＆丙［目ＯｍＯ君月己月

．］百ｍ２目○［葛コワの即口冒○｛一旦の己〈、くつロ団困く・号四毎号一の昌日昌目団。ｄ⑩シ［ぢの房呂揖の己倉

も当昌〕言日の旨ごくⅢ寸く・号四倉ｇ君亘日旬《訂８つ』○吻豊碧骨ＰＯａ①名君＆旨○園の昌苗の暑員当婁

（④く）．。｛［（トミミ、ｌ）旦苗『雪十Ｃ毒十雪］Ⅱ昌盛

（いく）．Ｑ一［（烏碕房Ｉ）。×の崖（雪＋雪）］Ⅱ日盛

・望昌②の昌君口己堂烏幽愚員の』○のＱ旬○めの』○の葛揖⑨二一望』どの隅の昌彦

（寸く）Ｑへ［（眉碕扇ｌ）口舌屋ご］Ⅲ

［（烏碕扇Ｉ）Ｑ×の（・一ご＋雪＋全）星十（トミ一［［ミー）。×の『雪十ｏ雪十宮］一（悟碕房Ｉ）自汽の星竺Ⅱ』里

【［一団巳ロの芦のの⑨昌国二○⑪目ｏ２ｑ十日＆Ⅱ（ベトロ｝皇でロ詞目里Ⅱ（四四℃）＆８口あ

・ｍｅで胃やｅ消昌【［冨冒冒涜つ員飼《の旨一国＆日巴

二ｍ冨篇２国⑪暑【雪十・審で自画日のＮ①言一○ｍＰ面苗胃８での急蔦石臼口○口』○の］臼の這望・雪⑩ぢぞ夢

（、く）［（トミ『ニミー）旦活［雪十Ｃ雪十雪］エミⅡ再ｅ

患つの鵠の己〆のの。己［二○骨の．［Ｂ２の己

のＱｐの。②の消○二軍Ｑ旬揖』○ｍで『里［戸戸。》冒母コワの［尋で口司㎡のめめ①。○料Ｑｐｏ［巴の喬冒○○一面口揖の骨口冒己の一団芦垣○吋【［君胃冒の［君

の旨巴の二〕葛二一ｍの葛。石昌２昌国の二戸５号ら医○一葛め８唇８ｍ２○二画Ｑ面垣日の爵の５日のニト・〕ロ曾吻目○ｃ

ｍ己宮の昌弓》の消面竜竺でロ面汽ミハの揖三》面，［のＱ〔員里二号一一夢の二巷｛画⑪宮司シの○口の○画の縄○二弔揖の［眉○口○［画の○ロ｛ぬ．ｍのめいの○○消回

［面。⑪で】．【団つ［一毎』○めの』司消』○口員営めの［一一一）茎で口面、［団○の己の芦画面一つ飼湾｝○の〕団消の畠』ぬ［汽竺の胃の昌彦
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